(22S,23S)-Homobrassinolide was tested for its effect on the electric cell potential, proton extrusion, ferricyanide reduction, and amino acid and sucrose uptake of leaves of Egeria densa Planchon. In the light, (22S,23S)-homobrassinolide and its derivative, 2a-3a-dihydroxy-5a-stigmast-22-en-6-one, were similar to each other and similar to fusicoccin in causing hyperpolarization and proton extrusion, whereas stigmasterol was less effective. In darkness, the three sterols showed comparable effects.
behavior to auxin in corn roots (14) suggests an FC3-like mechanism of action for this compound. Unfortunately, the structural requirements of the steroid backbone, responsible for the stimulation of transport by brassinosteroids, is not yet clear, although some work was dedicated to this issue (10) . In order to characterize further the role of the steroid structure in modifying transport on the cellular level, we here describe the effects of another potent synthetic analog, SSHB (1 in Fig.  1 ), on the membrane potential and on proton and solute transport of Egeria densa, a submerged aquatic weed well characterized in this respect (5, 6, 12) , and we compare the SSHB effect with those induced by related substances and FC.
MATERIALS AND METHODS

Plant Cultivation
Brassinosteroids are a new class of growth regulators found in many plants (1, 10) . Among them brassinolide, (22R,23R,24S)-2a,3a,22,23-tetrahydroxy-24-methyl-Bhomo-7-oxa-5a-cholestan-6-one, is the best characterized and causes the highest growth promotion. The comparison with other plant hormones in a series of bioassays revealed auxinlike properties, albeit a powerful synergism between brassinolide and IAA was reported (1 1, 15 
Proton Efflux Experiments
Twenty fully expanded leaves from the shoot tip (60-100 mg fresh weight) of Egeria were incubated in 10 mL of a solution containing 1 mM KCl and 4 mM CaCl2 in the light (17 W m-2) or in darkness. Medium acidification by leaves was monitored under stirring and bubbling with C02-free air by pH glass electrodes connected to an electrometer and a recorder.
Reduction of FeCN
Egeria leaves (10) (11) (12) (13) (14) (15) were incubated for 1 h in 2 mL of a solution containing 4 nm (reference 500 nm). The experiments were peformed at least three times with five replicates.
Amino Acid and Sucrose Uptake Experiments
Amino acid influx into Egeria leaves was measured as reported previously (12 DHS hyperpolarized the membrane in the same way as SSHB (by 4-39 mV, eight cells from different leaves). In contrast to FC (5), the effects ofall three steroids were reversed after washing the leaves with the x solution.
In the dark, where the membrane potential is usually strongly depolarized in comparison to light (5), the electric response to steroid addition was much more pronounced (Fig.  2) . SSHB and DHS provoked a permanent repolarization of the cell membrane to the level normal for light, again with the only difference to FC action being that their effects are reversible after washing them out. Stigmasterol also caused a repolarization of the cell potential in darkness, which was, however, occasionally of transient nature. When the membrane was already hyperpolarized by 1 ,uM FC, addition of SSHB (10 ,M) caused no further increase of the cell potential.
Medium Acidification
Proton extrusion by Egeria leaves measured as medium acidification could not always be detected in control experiments either in the light or in darkness. This is due to the peculiarity of the Hydrocharitaceae, to which Egeria belongs; namely, that they excrete protons from the lower leaf side and excrete hydroxyl ions (or take up protons) from the upper side. However, after addition of any one of the steroids (10 AM) as well as of FC (1 AM, 1O AM) the pH of the medium dropped significantly (Fig. 3) .
FeCN Reduction
Plasmalemma electron transport might be a component of membrane energization (7) . Transplasmalemma electron transport can be induced by the addition of the impermeable electron acceptor, FeCN. SSHB (10 AM) significantly (P < 5%) enhanced the rate of FeCN reduction by Egeria leaves in the dark as well as in the light (Table I ). In the light, this could not be shown for FC. However, in darkness, where plasmalemma electron transport is always slower (7), FC provoked a clear stimulation of FeCN reduction in comparison with the control.
Sucrose and AIB Uptake Table II demonstrates the effect of SSHB and of FC on the sucrose uptake. Unlike FC, SSHB stimulated the uptake of '4C-labeled sucrose by illuminated Egeria leaves slightly but significantly at micromolar concentration. In darkness, both substances stimulated sucrose uptake, but SSHB showed significantly higher rates. Compared to sucrose uptake, AIB uptake was even more clearly enhanced by SSHB under illumination (Table III) . At a concentration of 0.1 IM, this brassinosteroid appears to be more effective than at 1 ,uM (significance in darkness only).
DISCUSSION
All steroids tested hyperpolarized the cell potential at least in the dark (Fig. 2) . According to the currently accepted view on the components contributing to the plasma membrane potential based on the modified Hodgkin-Horowicz equation (5, 7), this strongly suggests a stimulation of an electrogenic pump. The alternative, an essential decrease in the passive electric conductivity of the plasmalemma by steroids, e.g. by inducing changes in membrane fluidity as discussed (4) is not very likely, since it should cause a stronger hyperpolarization than observed under illumination. Moreover, a decreased plasmalemma conductivity could explain neither the observed acidification of the medium (Fig. 3) nor the enhanced uptake of solutes (Tables II and III) . On the other hand, these latter findings provide further evidence in favor of the stimulation of an electrogenic proton pump analogously to the known effect of FC.
The fact that all three steroids cause medium acidification supports the assumption (4) that no special structural requirements are needed for the stimulation of H+ secretion. It also means that the membrane potential reflects proton pumping more sensitively than medium acidification does, thereby allowing a discrimination with respect to the potency of the substances (no unambiguous effect of stigmasterol on the membrane potential in the light, in the dark occasionally hyperpolarization of transient character). These results suggest the existence ofa mechanism ofaction brought about by steroids on proton pumping that varies from that of IAA (15) and FC, respectively. The reasons for this are: (a) in contrast to FC, the effect of the steroids on the membrane potential and on medium acidification is reversible; and (b) SSHB significantly stimulated FeCN reduction also in the light.
The methods employed here cannot answer the question of how the proton pump is stimulated. We propose an indirect influence of the brassinosteroids on the pump activity. This influence might be a modification of the lipid environment of the pump protein as suggested in view of the similar effect provoked by a number of related steroids (4), but changes of metabolic processes are likely as well.
In summary, our investigations show that the plant growth substance, SSHB, as well as DHS and stigmasterol displayed a stimulating effect on the plasmalemma proton pump similar to that found by others for 24-epibrassinolide and a series of related compounds inactive with respect to growth (2-4, 8, 15) . However, whereas SSHB and DHS exhibited a clear hyperpolarization even in the light, stigmasterol produced this effect only in the dark. Since the membrane potential of Egeria already comprises a strong electrogenic component in the light (5) due to H+ extruding mechanism(s), this indicates that SSHB and DHS stimulate the proton pump more strongly than stigmasterol. Thus, the correlation between proton extrusion and growth stimulation by brassinosteroids called in question by former investigations, might depend on the degree of activation of the electrogenic pump. In any case, the results presented confirm that hyperpolarization ofthe plasmalemma as caused by SSHB is a sufficient prerequisite for an enhanced solute uptake, which on its part favors growth.
